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Abstract

Background: COVID-19 has been associated with persistent symptoms and functional
changes, especially in those surviving severe disease.

Methods: We conducted a prospective multicenter study in patients with severe
COVID-19 to determine respiratory sequelae. Patients were stratified into two groups:
ward admission (WA) and intensive care unit (ICU) admission. In each follow-up visit,
the patient where inquired about cough, dyspnea, and performed spirometry, lung
volumes, carbon monoxide diffusion capacity (DLCO), 6-minute walk test (6MWT),
and respiratory muscle strength (MIP and MEP). Results of pulmonary function tests at
45 days and 6 months after hospital admission were compared using paired analysis.
Results: 211 patients were included, 112 in WA and 99 in ICU. Dyspnea persisted in
64.7% in the WA and 66.7% in the ICU group after 6 months. Lung function measures
showed significant improvement between 45 days and 6 months, both in WA and ICU
groups in VC, FVC, FEV1, total lung capacity, 6MW distance measures. The
improvement in the proportions of the altered functional parameters was significant in
the ICU group for VC (44.2% 45 d; 20.8% 6 m; p = 0,014), FVC (47.6% 45 d; 28% 6
m; p = 0,003), FEV1 (45.1% 45 d; 28% 6 m; p = 0,044), DLCO (33.8% 45 d; 7.7% 6 m;
p < 0,0001).

Conclusion: Six months follow-up of patients with the severe forms of COVID-19
showed significant improvement in the lung function measures compared to 45 days
post hospital discharge. The difference was more evident in those requiring 1CU

admission.

Introduction

COVID-19 has been responsible for millions of deaths worldwide, and is associated
with significant morbidity in those who survive the severe form.(1) Fatigue, dyspnea,
joint pain, cognitive changes, chest pain and hair loss are frequently observed long after
hospital discharge.[2] Despite involving multiple organs, respiratory symptoms
dominate both the acute phase and long-term sequelae. Dyspnea and fatigue are the
most common complaints.[1] In a large prospective cohort from Wuhan, China, 76% of
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1773 patients reported at least one symptom out of a list of 17, with dyspnea present in
26% at six-month follow-up.[3]

Studies on respiratory complications after hospital discharge showed 55.7% of
interstitial abnormalities on chest tomography (CT), and 34.8% of decreased carbon
monoxide diffusing capacity (DLCO). Changes were more frequent in patients who had
undergone mechanical ventilation (MV).[4,5] Potential mechanisms to explain the
persistence of symptoms would be inflammation and oxidative stress leading to
insufficient immune response for complete viral eradication; persistence of viral
antigenic remnants causing prolonged inflammatory response, persistent viremia and
insufficient antibody generation; or a procoagulant state induced by SARS-CoV-2
infection. Other factors could be the severity of disease, need for intensive care,
presence of comorbidities, or the treatment used.[1,6,7] This study aimed to describe
lung function in patients six months after severe COVID-19 and to compare it with that

recorded at 45 days after discharge.[8]

Methods

This prospective multicenter study evaluated for inclusion patients aged 18 or over,
admitted to three public referral hospitals for COVID-19 in Belo Horizonte, Minas
Gerais, Brazil, with a confirmed diagnosis of COVID-19 (positive RT-PCR result from
nasal or oropharyngeal swabs) and severe acute respiratory syndrome (SARS), between
June 16 2020 and January 05 2021. SARS was defined as the presence of fever and
cough or sore throat, associated with dyspnea, chest tightness, or SpO, < 95%.[9]
Patients with indication for palliative care were considered ineligible. Patients who were
too weak to perform the tests, and those who withdrew consent were not included in the
analysis.

This study was approved by the national ethics committee (CONEP), protocol
number 4.932.048. Approval at the local ethics committee of the three hospitals was
also obtained. All participants gave written informed consent.

Patients were stratified into two groups: ward admission (WA) and intensive
care unit (ICU). The results of pulmonary function tests at 45 days and six months after
hospital admission were compared. Demographics, clinical manifestations,
comorbidities, continuous medications, smoking, date of onset of respiratory symptoms,
date of hospital admission, length of hospital stay, length of ICU stay, length of

mechanical ventilation (MV), and complications during hospitalization were recorded.
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Laboratory tests and chest imaging at admission were performed at the discretion of the
attending clinicians. Arterial blood gases, complete blood workup, C-reactive protein
(CRP), LDH, serum albumin, prothrombin time/international normalized ratio (INR),
D-dimer, creatinine, ALT, and AST results were recorded when available. Gas
exchange was evaluated by the PaO,/FiO, ratio. The proportion of pulmonary
impairment on CT scans was recorded as informed in the reports provided by the
hospital radiology specialists.

The major outcomes studied were lung function (spirometry, lung volumes,
DLCO), exercise capacity (6-minute walk distance - 6MWD), and respiratory muscle
strength (MIP and MEP) at six months after hospital admission. These data were
compared to those registered 45 days post-discharge, in the same cohort, published
elsewhere.[8] According to the study design, assessment for eligibility took place within
24 hours of admission, and follow-up assessment was scheduled for 45 and 180 days
after admission, with a tolerance of + 15 days.

In each follow-up visit, the patient was inquired about cough and dyspnea
(modified Medical Research Council scale).[10] Vital data, weight and height were
recorded. Lung function tests were performed in the Pulmonary Function Laboratory of
the University Hospital of the Federal University of Minas Gerais. A Collins CPL
system (Ferraris Respiratory, Louisville, CO, USA) was used for the determination of
absolute lung volumes, spirometry parameters, and DLCO in accordance with
international criteria.[11,12] The helium dilution in a constant volume system was used
to measure lung volumes. The following variables were studied: TLC, slow vital
capacity (VC), FVC, FEV1, and FEV1/FVC ratio. Measurements were reported as
absolute values and %pred for the Brazilian population.[13,14]

The single breath method was used for the determination of DLCO, considering
the values suggested by Guimardes et al.[15]

The 6MWT was performed in a 30 meters corridor using a portable oximeter
(Nonin Medical “inc., Plymouth, MN, USA) in accordance with international
standards.[16] The following variables were recorded: SpO,, HR, RR, Borg dyspnea
scale score at the beginning and end of the test, HR in %pred in relation to the
maximum HR in %pred for adults, HR at the end of 6MWT, HR 1 min after recovery
time, and 6MWD. Oxygen desaturation > 4% was considered altered result.[17,18] The
6MWD was expressed in absolute values and in %pred for the Brazilian population.[17]
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MIP and MEP were measured with an analog manometer (Makil, Londrina,
Brazil), as described by Laveneziana et al.[19] The maneuver was repeated five to eight
times, respecting a 10% reproducibility. The highest measure was recorded. Predicted
values were calculated in accordance with Neder et al.[20] The lower limit of normal
(LLN) for each variable was calculated following prediction equations.[12]

Diagnosis of COVID-19, lung function measurements, and selection bias were
considered possible sources of bias. Diagnosis was defined by the gold-standard RT-
PCR and the equipment used for lung function measurements was calibrated according
to the recommendations of the manufacturers. Selection bias was minimized by the
multicenter design.

Data were collected using the REDCap platform (Vanderbilt University,
Nashville, TN, USA) and analyzed with the IBM SPSS Statistics software package,
version 22.0 (IBM Corporation, Armonk, NY, USA). Categorical variables are
described as frequencies and proportions. Continuous variables with normal distribution
are described as means and standard deviations, whereas those with non-normal
distribution are described as medians and interquartile ranges. Predicted values and
LLN were used as risk to categorize continuous variables: Parametric Student’s t-test or
nonparametric Mann-Whitney U test with post-hoc analysis were used to verify
differences between the groups, pairwise comparisons of continuous variables, and
Pearson’s chi-square for proportions. Proportions of dependent groups were compared
using the McNemar test and continuous variables using paired Student’s t-test.

Hypothesis testing was two-sided, and the level of significance was set at p < 0.05.

Results
Three hundred and twenty-two patients were considered eligible, 211 were included in
the analysis (Fig. 1).

One hundred twelve patients (53.1%) were in WA and 99 (46.9%) in ICU
groups. Groups were homogeneous regarding age (60.8 = 13.9 years), sex (male
51.7%), education, family income, self-reported skin color, marital status, and pre-
existing medical conditions. The majority (88.2%) of participants had at least one
comorbidity. Hypertension was reported in 74.1% patients, obesity in 39.4%, diabetes
mellitus in 33%. Other cardiovascular diseases were described in 29 (15.9%) patients.
The use of immunosuppressants was reported in 4.5%, and 2.2% had undergone bone

marrow or solid organ transplantation. Asthma and chronic obstructive pulmonary
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disease (COPD) were diagnosed in 10.3 and 7.7%, respectively. Eight (4.4%) patients
had chronic renal disease and 59 (28.8%) patients reported current or former smoking
(Table 1).

Time elapsed from symptom onset to hospitalization was similar between
groups, 9.2 + 8.6 days. The most commonly reported symptom on admission was
dyspnea (82.4%), more frequent in the ICU. Cough (dry or productive), fever, myalgia,
sore throat, rhinorrhea and abdominal pain were similar in both groups. Changes in taste
and smell, as well as diarrhea were more frequent in WA group. Complications during
hospitalization were more frequent in ICU group: acute renal failure in 14 (14.4%)
patients and and vascular thrombosis in 20 (20.6%). Antibiotic use was used by 194
(92.8%) patients, with no difference in the two groups (Supplement Table).

Some laboratory changes and severity scores on admission showed significant
differences between groups. Increase in inflammation and acute phase markers — CRP,
LDH, albumin, AST, ALT — were more pronounced in the ICU group. Total leukocyte
and neutrophil counts, creatinine, and INR were also more significantly increased in
ICU group. Average PaO,/FiO, was significantly lower in ICU group. Similarly, the
Sequential Sepsis-related Organ Failure Assessment (SOFA) scares in the first 24 hours
were significantly higher in ICU group. One hundred and two patients had CT during
hospital stay. Thirty-five (34.3%) had lung damage > 50%, 22 (62.9%) in ICU group (p
=0.004).

The length of hospital stay was longer in ICU group (WA: 8 days (5-10), ICU:
16 days (10.5-24); p < 0.001). The first post-discharge functional pulmonary evaluation
took place at 49.5 + 34.7 days and the second at 180.7 + 34.9 days after hospital
admission. Average time between the first and second evaluations was 131.9 + 31.2
days (Supplement Table).

Paired comparisons of lung function measurements assessed after 45 and 180
days showed significant improvement of several parameters (VC, FVC, FEV1, TLC,
DLCO, 6MWD, and 6MWD%pred which was more pronounced in ICU group (Table
2).

The frequency of altered functional parameters after 45 and 180 days decreased
more markedly in ICU than WA groups for VC (44.2% vs 20.8%), FVC (47.6% vs
28.0%), FEV1 (45.1% vs 28.0%),and DLCO (33.8% vs 7.7%). The frequency of stress
desaturation > 4% increased at six months (83.6%) compared to 45 days (60.3%) in ICU
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group, whereas Final Borg Scale > 4 decreased only in WA group (50% vs 25%) (Table
3).

The FEV1/FVC ratio below the LLN, translating obstructive ventilatory
disorder, was observed in 30 (32.3%) patients of WA and 33 (40.2%) of ICU group at
six months (Table 3). Among the 76 individuals classified as having obstruction at six
months, 27 (35.5%) were smokers, 8 (10.5%) had asthma, and 12 (15.8%) had COPD.

MIP and MEP below the LLN was 36 (45.0%) and 27 (36.5) at six months, in
WA and ICU respectively, with no significant difference from the 45-day assessment
(Table 3).

Dyspnea > 2 was observed in 11 (64.7%) of WA and 10 (66.7%) of ICU group
at six monyhs (Table 3).

Discussion
To the best of our knowledge, this is the first study from South America to
prospectively compare clinical and functional data of survivors of severe COVID-19, 45
days and six months after hospitalization. The main results of this study are that time
heals almost all wounds, including those in patients who required ICU admission. At six
months, residual abnormalities in lung function were still present in most of the cohort,
but with significant improvement compared to the 45-day assessment.[8] Restrictive
ventilatory disorder was the most prevalent abnormality seen at six months and was
more frequent in ICU group (98%), but with mild severity (mean CPT% 94.4 + 19.6).
The ICU group had a greater reduction in the frequency of lung function abnormalities
such as FVC, FEV1 and DLCO. Qur results agree with studies that included patients
with moderate and severe COVID-19 in long-term follow-up.[3] Lung involvement >
50% was present in 34.3% of those with CT on admission, and this rate was higher in
ICU group. Post-COVID-19 fibrotic changes may account for the restriction.
Pulmonary fibrosis was described in 10% of patients with persistent symptoms after
three months. Need for mechanical ventilation during hospitalization and persistence of
dyspnea at follow-up were independent risk factors for post-COVID-19 fibrosis.[21]
Decreased DLCO is the most frequently described change in long-term follow-
up after COVID-19, whether in mild or severe forms.[3,22] However, in these studies,
as in our cohort, a significant improvement in DLCO was observed after six
months.[3,23,24] Zhang et al. reported a 32% reduction in DLCO after severe COVID-
19 after eight months. In their cohort, 30% of patients had interstitial lung
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abnormalities, with ground glass being the most frequent (50%), followed by irregular
lines.[24] Risk factors for developing fibrotic changes after six months were age greater
than 50 years, extensive lung involvement on admission CT, and acute respiratory
distress syndrome.[25] Wu et al. also reported altered DLCO in 33% of patients at 12
months.[22] However, in their cohort, they did not include patients who required ICU
admission or with comorbidities. In contrast, our cohort also included critically ill
patients, and we observed a persistent 6-month DLCO reduction in only 8% of WA and
7.7% of ICU group. A possible explanation would be a differentiated recovery due to
the already incorporated use of corticosteroid for treatment during the inclusion of our
patients.[27]

Obstructive ventilatory disorder was observed in 32.3% in WA and 40.2% in
ICU group at six months. These results cannot be fully explained by the reported
frequencies of asthma (10.3%) and COPD (7.7%). Smokers accounted for 28.8% of our
cohort. An important epidemiological study conducted in six Latin American cities, the
Platino study, showed that COPD was underdiagnosed in up to 70%.]26] It is possible
that the high frequency of obstructive disorder found in our cohort, higher than in most
post-COVID-19 lung function studies, is related to those with smoking COPD who had
no previous diagnosis. Obstruction may also be associated with emphysematous
changes related to direct parenchymal destruction by viral infection or ventilator-
induced lung injury.[27]

From a list of 17 symptoms evaluated after six months, muscle weakness and
fatigue were the most common, seen in 63% of a cohort of 1,733 patients.[3] The
impairment of inspiratory and expiratory muscle strength was similar and remained
unchanged at six months regardless of the group, and may be attributed to physical
deconditioning. Deconditioning was identified as a predominant factor causing
dyspnea/fatigue symptoms in three studies that evaluated persistent symptoms after
COVID-19 using cardiopulmonary exercise testing. Deconditioning is the main
mechanism of impaired cardiopulmonary exercise capacity three months after COVID-
19 hospitalization.[28,29] Other authors have linked respiratory muscle weakness to the
occurrence of interstitial lung disease after COVID-19.[30]

Significant improvement in walking distance was observed in both groups at six
months in our cohort. There was no change in the frequency of stress desaturation in
WA group between the two assessments, but ICU group showed a significant increase

in this finding at six months. This worsening may be due to the higher metabolic-energy
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expenditure during the test, which is compatible with the deconditioning expected in the
more severe patients. Similar results were reported in a cohort that included 72 patients
undergoing MV, assessed six months after hospital discharge.[31] Wu et al. found
higher mean 6MWD values at six months (585 m); however, patients who required MV
and had comorbidities were not included.[22]

There is information on persistent respiratory symptoms in the follow-up of survivors of
severe COVID-19.[3,22,24] We observed dyspnea grade > 1 in 64.7% (WA) and 66.7%
(ICU) of the patients after six months. Our findings differed from those of Huang et
al.[3] In their cohort of 1,773 patients only 26% had dyspnea grade >1, six months after
discharge. The risk was higher in the groups requiring high-flow oxygen and MV
during hospitalization.[3]

The strengths of this study design are the multicenter and prospective nature; the
inclusion of patients at different levels of severity; and the assessment of different
aspects of pulmonary functional capacity.

This study has limitations. One, the absence of pre-hospitalization information
on lung function, especially in smokers. Two, chest imaging examinations at follow-up
were not evaluated, limiting the correlation of ventilatory disturbances with structural
changes. Finally, appropriate investigation of respiratory muscle weakness as a cause of
reduced MIP and MEP should include non-voluntary techniques such as diaphragm
ultrasound and transdiaphragmatic pressure.

In conclusion, six months follow-up of patients with severe COVID-19 showed
overall improvement in lung function, more expressive among those who required ICU

admission.
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Table 1. Sociodemographic baseline characteristics and pre-existing conditions.

Total Ward ICU
Variable p-value
n=211 n=112 n=99
Age (mean = SD) 60.8 (13.9) | 624 (13.9) 59.1 (13.3) 0.083
Male, n (%) 109 (51.7) 53 (47.3) 56 (56.6) 0.180
Variable Category n (%)
Higher education/post-graduation 16 (11.2) 8(10.4) 8(12.1)
Education® Elementary to high school 59 (41.3) 35 (45.5) 24 (36.4) 0546
ey oy ™ | e | s | 4G
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>3 MW 21(15.2) 11 (15.1) 10 (15.4)
Income* Up to 3 MW 112 (81.2) 60 (82.2) 52 (80.0) 0.837
No income 5(3.6) 2(2.7) 3(4.6)
White 37 (24.2) 23(28.0) 14 (19.7)
Sslfi':'gf)‘l’gr’}ed Brown 85(556) | 43 (524) 42 (592) 0.484
Black 31(20.3) 16 (19.5) 15 (21.1)
Not Married 71 (48.3) 38 (47.5) 34 (49.3)
Marital Status* 0.832
Married 76 (51.7) 42 (52.5) 34 (50.7)
Presence of comorbidities 186 (88.2) 100 (89.3) 86 (86.9) 0.588
High blood pressure® 137 (74.1) 69 (69.7) 68 (79.1) 0.147
Obesity® 71 (39.4) 33(33.3) 38 (46.9) 0.064
Diabetes mellitus 61 (33.0) 30 (30.0) 31 (36.5) 0.351
Other cardiovascular disease® 29 (15.9) 16 (16.2) 13 (15.7) 0.927
Asthma® 19 (10.3) 12 (12.1) 782 0.388
COPD® 14 (7.7) 700 7(84) 0.731
Chronic kidney disease 8 (4.4) 3(3.0) 5 (6.0) 0.335
Other comorbidities® 88 (47.6) 52 (52.0) 36 (42.4) 0.190
Smoking® 59 (28.8) 32 (29.6) 27 (27.8) 0.777
Use of immunosuppressive medication* 8 (4.5) 5(5.3) 3(3.6) 0.574
Solid organ or bone marrow transplantation® 3(2.2) 1(1.3) 2(3.2) 0.435

1 Missing data (< 10%); § Missing data (10-20%); ICU: intensive care unit; SD: standard deviation; MW: minimum
wage (3 MW = $613.50); COPD: chronic obstructive pulmonary disease; *Prednisone > 20 mg/day for more than
two weeks, cyclosporine, cyclophosphamide, mycophenolate, rituximab, azathioprine or chemotherapy within the

past 30 days.

Table 2. Paired analysis of pulmonary function tests measurements at 45 and 180 days.

BMI 109 | 31.0 (7.1) 31.2(7.2) 0.294 98 | 31.2(7.0) 319 (6.9) 0.0;01
VC, liter * 99 |3.1(09) 3.2(0.9) <0.0001 | 84 3.0(0.8) 3.3(0.9) 0_0;01
VC, % of pred® | 99 | 88.1(13.7) 92.9 (15.1) <0.0001 | 84 | 813(17.0) | 89.4(16.5) 0.0;01
FVC, liters* 105 | 2.9(0.9) 3.1(0.9) <0.0001 |94 | 2.9(0.8) 3.2(0.9) 0_0301
FVC, 9% of | 105 | 837(138) 88.7 (15.4) <0.0001 |94 [ 78.0(16.0) | 87.1(19.7) <
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pred* 0.0001
FEV,, literst 105 | 22(0.7) 2.3(0.7) <00001 | 94 | 23(0.6) 2507 | of)o .
FEV % of <

redt 105 | 80.1(165) | 84.6 (18.0) <00001 |94 | 77.2(156) | 847(165) | =
FEVJFVC, % | 105 | 763 (105) | 759 (10.8) 0394 |93 | 799(67) | 789(85) | 0212
TLC, liters* 92 |49(11) 51(1.2) 0001 |79 | 48(L3) 52(12) | 0301
TLC, % ofpred® | 92 | 92.9 (13.3) | 98.4(16.0) <00001 |78 | 847(162) & 944(196) | 030 .
RV, liters® 92 | 1.8(05) 19(05) 0161 | 79 | 17(06) 18(05) | 0089
RV, % pred® 92 | 939 (265 | 1015 (44.8) 0148 | 78 | 886(27.7) | 942(249) | 0451

0,

;\;g"c' %102 | 1110(323) | 1114 (246) 0922 | 77 | 1104 (27.4) | 111.0(26.2) | 0.849
P;fno,_',;lli MmN eg | 231 (6.4) 243 (6.7) 0028 |74 | 208(82) | 229(60) | 0.001
DLCO, % pred® | 88 | 110.7 (21.9) | 116.0(18.2) 0004 | 73| 916(260) | 1029(14) | 0;01
MIP, cmH,0° | 91 | 759 (31.3) | 768 (29.2) 0655 | 88 | 77.2(260) | 76.1(27.8) | 059
MEP, % pred® | 91 | 856 (3L.7) | 87.2(3L5) 0533 | 87 | 843(308) | 845(328) | 0937
MEP, cmH,0° | 91 | 91.0 (375) | 864 (35.8) 0139 | 87 | 915(3L2) | 876(30.3) | 0.186
MEP, % pred | 91 | 532(19.0) | 508 (18.3) 0181 86 | 528(186) | 508(169) | 0259
6MWD,m* 102 | 4451 (100.6) | 462.0 (111.6) | 0.048 | 92 | 440.3 (99.8) | 466.6(83.6) | 0.001
6MWD % pred® | 101 | 86.2 (16.7) | 90.3 (18.8) 0025 | 92 | 845(200) | 90.0(16.3) | 0.001
HRR, bpm"* 102 | 965(15.7) | 94.0 (16.5) 0074 | 90 | 948(175) | 89.2(161) | 0.002
ﬁ;rﬁﬁ"a'HRRl- 102 | 158(138) | 204 (15.7) 0015 | 90 | 17.7(16.6) | 21.1(109) | 0.109
% HRmax® 100 | 708 (12.6) | 723 (13:2) 0298 | 92 | 69.9 (117) | 68.4(104) | 0.09

1 Missing data (< 10%); § Missing data (11-12%); ICU: intensive care unit; SD: standard deviation; BMI: body mass
index; VC: vital capacity; FVC: forced vital capacity; FEV1: forced expiratory volume in the first second; TLC: total
lung capacity; RV: residual volume; DLCO: carbon monoxide diffusion; MIP: maximal inspiratory pressure; MEP:
maximal expiratory pressure; MWD, m: six minute walk distance, meters; HRR;: recovery heart rate in the first
minute; bpm: beats per minute; A: variation; HR: heart rate; % HRmax: percentage of maximum heart rate achieved.

Table 3. Paired analysis of the categorical variables of pulmonary function tests results
at 45 and 180 days.
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Dyspnea 85 41 (48.2) 38 (44.7) 0.711 | 73 41 (56.2) 30 (41.1) 0.071
Dyspnea
(MMRC) >=2 17 10 (58.8) 11 (64.7) 1.000 | 15 10 (66.7) 10 (66.7) 1.000

Cough 83 | 20(241) | 21(25.3) | 1000 | 73 | 22(30.1) | 13(17.8) | 0.064

< , (% . . . . . .014
VC<LLN, (%)* |85 16 (18.8 17 (20.0 1.000 | 77 34 (44.2 16 (20.8 0.0

0,
FVCSLLN. (0) | 93 | 25(269) |22(237) | 0728 82 | 39(476) | 23(280) | 0.003

0,
FEVi< LLN, ) |93 31333 |22(287) | 0200 82 | 37(451) | 23(280) | 0.044

FEV,/FVC<

LLN, (%) * 93 | 37(398) |30(323) | 0371|822 |27(329) | 33(402) | 0.430

TLC<LLN, (%)* | 82 | 78(95.1) | 79(96.3) | 1.000 | 69 | 67 (97.1) | 68(98.6) | 1.000

DLCO < LLN,

)¢ 8 |67 8(10.3) 0791 | 65 | 22(338) |5(7.7) <0.0001

0,
MIP<LLN. (%) | g0 | 3040.0) | 36(450) | 0644 |74 | 27(365) | 27(365) | 1.000

0,
MEP<LLN. (6 | g9 | 76(950) | 75(938) | 1000 73 | 68(932)  72(986) | 0.219

Exercise oxygen
desaturation (A 88 62 (70.5) 61 (69.3) 1.000 | 73 44 (60.3) 61 (83.6) 0.003
Sp0, >4%) *

BOrQrina > 4 * 72 | 36(500) | 18(250) | 0.005| 6L | 23(37.7) | 18(29.5) | 0.473

1 Missing data (< 10%); § Missing data (11-12%); ICU: intensive care unit; VC: vital capacity; FVC: forced vital
capacity; LLN: lower limit of normality; FEV1: forced expiratory volume in the first second; mMMRC: modified
Medical Research Council; TLC: total lung capacity; RV: residual volume; DLCO: carbon monoxide diffusion; MIP:
maximal inspiratory pressure; MEP: maximal expiratory pressure; SpO,: pulse oxygen saturation; A:variation.**
McNemar's chi-square.

BJID-D-22-00036 — Supplementary Material

Supplementary Table. Baseline clinical, laboratory and hospitalization characteristics

Time from symptom onset to | 9.2 (8.6) 9.9 (10.5) 8.3 (5.6) 0.160
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hospitalization (days)*

Dyspnea 173 (82.4) 84 (75.7) 89 (89.9) 0.007
Cough 146 (69.5) 71 (64.0) 75 (75.8) 0.064
Fever 119 (56.9) 63 (56.8) 56 (57.1) 0.955
Myalgia 106 (50.5) 62 (55.9) 44 (44.4) 0.099
Alteration in taste 87 (41.4) 59 (53.2) 28 (28.3) <0.001
Alteration in olfaction 80 (38.1) 52 (46.8) 28 (28.3) 0.006
Diarrhea 57 (27.1) 37 (33.3) 20(20.2) 0.033
Rhinorrhea 37 (17.6) 24 (21.6) 13 (13.1) 0.107
Sore throat 38(18.1) 19 (17.1) 19 (19.2) 0.697
Abdominal pain 24 (11.4) 12 (10.8) 12 (12.1) 0.766
Vascular thrombosis 29 (13.9) 9(8.0) 20(20.6) 0.009
Acute kidney injury 16 (7.7) 2(1.8) 14 (14.4) 0.001
Use of antibiotics 194 (92.8) 101 (90.2) 93(95.9) 0.111
Pa0, / Fi0,' 264.9 (118.8) 317.4(108.9) 210.2 (103.4) <0.001
SOFA (first 24h)* 2.0 (1.0-3.0) 1.0 (1.0-2.0) 3.0 (2.0-4.0) <0.001**
'(I'):)ltgtl)ge);:]o:]!;e 8.5 (4.2) 7.9 (4.1) 9.2(4.3) 0.025
Neutrophils (x1000)/mm>t 6.7.(3.7) 6.1(3.6) 7.4 (3.8) 0.011
Lymphocytes (x1000)/mm®t | 1.2 (0.9) 1.3(1.0) 1.1(0.7) 0.142
Platelets (x1000)/mm>% 243 (96.0) 245 (103.0) 241 (87.8) 0.741
C-reactive protein (mg/1)* 80.0 (45.2- 60.0 (34.7-90.0) | 90.0 (61.0- <0.001**
158.0) 183.1)
LDH(U/1)¥ i.:ig)(ZSGO ;gz;)(ZGQO :;4518)(3427 <0.001**
Creatinine (mg/dL)¥ 0.8 (0.6-1.0) 0.7 (0.6-1.0) 0.8 (0.6-1.2) 0.036**
Albumin (mg/dL)§ 3.4(0.4) 3.5(0.4) 3.3(0.4) 0.001
Bilirubin (mg/dl)t 0.5 (0.4) 0.5(0.2) 0.6 (0.5) 0.073
AST (U/1)¢ 44.0 (34.6-64.0) | 41.5 (31.7-56.0) | 46.0 (37.0-72.0) | 0.006**
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ALT (U/1)® 49.8 (47.2) 43.3(33.3) 57.5 (60.4) 0.040

RNI* 1.05(1.0-1.1) 1.03 (1.0-1.09) 1.07 (1.0-1.13) | 0.016

D-dimer (mcg/ml)’ 1043.0 (628.0- | 967 (597.0- 1187 (646.2- 0.330%*
1644.0) 1553.0) 2315.2) ‘

Normal or<50% 67 (65.7) 45 (77.6) 22 (50.0) 0.004

>=50% 35 (34.3) 13 (22.4) 22 (50.0)

Length of hospital stay (days) | 10 (7.0-16.2) 8.0 (5.0-10.5) 16.0 (10.5-24.0) | <0.001**

Time from discharge to

pulmonary function 49,5 (34.7) 52.3(26.0) 46.3 (42.3) 0.209

evaluation D45 (days)

Interval between discharge

and pulmonary function 180.7 (34.9) 185.0 (24.2) 175.9 (43.6) 0.059

evaluation D180 (days)

Interval between pulmonary

function evaluation at D45 131.9(31.2) 134.0(29.9) 129.5(32.5) 0.305

and D180 (days)

f Missing data (< 10%); § Missing data (11-16%); T Missing data (Bilirubin - 25%); (D-dimer -
21%) * Variable presented as mean * SD; ICU: intensive care unit; SD: standard deviation;
SOFA: Sequential Organ Failure Assessment; LDH: lactate dehydrogenase; AST: aspartate
aminotransferase; ALT: alanine aminotransferase; INR: international normalized ratio; 11Q:
interquartile range ** Non-parametric test - variables presented as median and Qll

Figure 1 - Flow Chart: patients evaluated between May 234 2020 and January 5t 2021.

[ Mumber of individuals included (n=322) ]

Excluded: (n=35)
Deaths (n=8)

Mot located (n=12)
Did not attend (n=15)

[ patients evaluated at 45 days (n=287) ]

Lost: (n=76)
Deaths (n=4)

‘Withdrew consent (n=9)
Did not attend (n—63)

[ Patients evaluated at 6 months (n=211) ]




